The mean prevalence of salmonellae in pigs at the farm uses USDA, APHIS VS CEAH CAHM (1997) . Adjustments for apparent prevalence are made to derive true prevalence using sensitivity and specificity (Funk et al., 2000) . We assume prevalence increases from the combined effects of transportation and lairage estimated by averaging scientific study results (from Hurd et al., 2001; McKean et al., 2001; Proescholdt et al., 1999) . We assume a 1/1 correspondence between fecal positive and carcass surface positive. This is substantially more than 2/1 found by Morgan et al., 1987. There are a large number of steps in the processing of pork carcasses that have been modeled including scalding, dehairing/singeing, carcass washing, evisceration, carcass rinse post-evisceration, steam pasteurization, and chilling. We compare results derived from the model with various published estimates (USDA, 1996, and of carcass prevalence at the point of post-chilling.
Increases in prevalence of salmonellae that occur during fabrication and at the retail level are assumed based on data from Duffy (2001) . The degree of contamination is also affected by cooking by the consumer. Cooking effects and food handling care are assumed to protect against exposure differently between the two risk groups. Not all consumers eat pork (Miller and Unnevehr, 2001) ; 7.6 % of the population is assumed not to eat pork.
Human risks and the associated health costs are estimated which can be attributed to pork using literature that documents risks and costs from salmonellae infection. Specifically, the dose response model outlined by WHO (2002) was used. This model uses a beta-Poisson function with ·= 0.1324, and ‚ = 51.45, with an associated distribution around the curve, and · and ‚ are assumed the same for low and high risk groups (WHO, 2002) . Costs for human salmonellae cases were assumed to be 482. 26 $, 1032.12 $, 11,812.19 $, and 500,923 .23 $ for no visit to a physician, physician visit, hospitalization, and death respectively (Buzby, 1996) . We assume no development of immunity; so exposure by one 122 ORAL PRESENTATIONS ORAL PRESENTATIONS person 10 times to contaminated pork results in the same number of cases as exposure by 10 people one time each to contaminated pork.
The relative importance of the various elements within the model are ranked using a tornado graph in @Risk. Sensitivity analyses are also conducted.
Results: Mean costs from human cases of salmonellae predicted by the model was 77,183,000 $, with a range of 6,019,000 -723,777,000 $. Preliminary results from the tornado graph of total costs suggested that farm prevalence is one of the lesser important variables influencing costs from salmonellae in humans. Similarly, the influence of transportation and lairage was of lesser importance; preharvest influence was driven by the assumptions relative to expansion of prevalence (directly related to farm prevalence and time) spent in transportation and lairage. The impact of preharvest prevalence on human risks and costs was influenced by the degree of sanitation in slaughter and processing and the impact of cooking assumed. The errors (mistakes compared to correct ideal process and cooking) which can occur in processing (from fecal contamination) and home preparation (from cross contamination) and cooking (inadequate temperature) appeared to be more important influences on the human health costs of salmonellae than are farm prevalence, at least for the levels of prevalence seen in U.S. pig farms based on the tornado graph.
However, the tornado graph for a flow model of this type is of little use in ranking the importance of various variables. Tornado analysis suggests that the numbers of salmonellosis cases in humans in the two risk groups are the two most important variables. These variables are closest to the calculations of total costs in terms of basic model flow. Thus the tornado graph approach fails to recognize from a biological perspective that the reason these cases occur is because of inputs that occur earlier in the flow of salmonellae in the farm-to-fork chain.
This suggests that sensitivity analysis using this model is a much more appropriate approach in evaluating the influence of model variables on the human health costs. Using sensitivity analysis, onfarm apparent prevalence has an important influence on pork-associated human health costs. An increase in apparent prevalence from roughly 0.06 to 0.09 increases human health costs by 62%. Thus, the estimates for on-farm prevalence are important using this model.
Comparison of USDA estimates of prevalence post-chilling and what is suggested by the model which examines various steps in processing and fabrication resulting in log increases and decreases of surface organisms currently do not give comparable results.
Discussion:
There are a number of very large problems and heroic assumptions that were made in this salmonellae risk assessment for pork. First, there are limited or no data that allows for translation between prevalence estimates and quantitative estimates of the amount of organism contamination (e.g. CFU/g, or CFU/cm 2 ). Much of the literature collected on processing reports log reductions in surface organisms; but the vast majority of the literature prior to processing reports data on a pig or carcass prevalence basis, with the proportion positive being the reported data. This mismatch of various information sources creates substantial problems. Second, the data relating fecal positive status to surface positive status is very limited. Thus, we assume a one-to-one correspondence which potentially over estimates surface prevalence. Third, to determine human illness, an estimate of the amount of human exposure is needed. This requires translation from prevalence into a quantitative degree of exposure. Fourth, even though we believe that quantitative risk assessment models should include environmental influences, feedback loops and other elements that reflect likely circumstances (Barber et al., 2003) , we assume a simple straight flow model with all risk derived originally from pigs. Finally, almost all data are limited and extremely important assumptions that influence model output to varying degrees must be made at every stage of the analysis.
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There is disagreement between large and knowledgeable groups of scientists about very basic points important to a salmonellae risk assessment in pork. USDA (1998) argues strongly for a difference between high and low risk groups of people in terms of susceptibility to salmonellae infection, and they propose different betas. WHO (2002) argue that "…it is not possible to conclude that some segments of the population are more susceptible to … Salmonella…". However, WHO (2002) does suggest that severity of illness can be different for different risks groups.
There may indeed be differences by serotype in dose-response, severity of illness, etc., for humans (Schlosser et al., 2000) . Different serotypes of salmonellae predominate in pigs and humans. This model considers all salmonellae as a group and makes no distinctions based on serotype. Additionally, there are important differences in microbiological identification of salmonellae in each of the studies referenced; such differences also have important implications (Maddox, 2003) for the model. These implications are unknown and not explicitly considered.
There is a large body of literature needed to support this risk assessment. We have 323 references in our database that supports details in the model. Only a small fraction of some of the more important studies and references is listed in this paper.
Despite model deficiencies and lack of data, food safety risk assessment models still yield some insights into process control, evaluation, and data collection priorities (Roberts et al., 1999) . We hope this is also the case with this model.
In conclusion, post-harvest handling of pork products during processing and fabrication, cooking, on-farm prevalence, and increases at transport and lairage are all important determinants of porkassociated salmonellae human health costs.
